abstract OBJECTIVE: To determine the association between enrollment in patient-centered medical homes (PCMHs) and the receipt of preventive services among adolescents and young adults.
One in 5 people in the United States is an adolescent or young adult. 1 Behavioral patterns established in these years contribute to youths' current and future health status. 2 Because most adolescent morbidity is preventable, delivering preventive services is critical.
As summarized by Ozer and collaborators, 3 high-quality preventive care for adolescents and young adults should encompass multiple areas, including physical growth and development, emotional and relational well-being, social and academic competence, sexuality and reproductive health, substance use and risk reduction, age-appropriate immunizations, and strategies to minimize preventable injuries. However, only 38% to 81% of adolescents, and even fewer young adults, received a preventive checkup in the previous 12 months. 4, 5 In addition, male, ethnic minority, low-income, and uninsured youth have lower rates of preventive services. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] The patient-centered medical home (PCMH), one of the most widespread approaches to health care delivery transformation, emphasizes improved access and continuity of care via primary care provider (PCP)-led teams. This system of care was developed as a strategy to achieve the Triple Aim: improve outcomes and experience and reduce costs. 15 So far, PCMHs have been shown to reduce acute care use and improve health care outcomes in children. [16] [17] [18] However, there is little evidence of their effects on preventive care services for adolescents and young adults. 19 The aim of this study is to evaluate the effect of PCMH enrollment on receipt of multiple preventive services among youth aged 10 to 24. In addition, we explored whether the effects of PCMH enrollment differed by sociodemographic characteristics.
METHODS

Study Design
We conducted a retrospective cohort study with patients aged 10 to 24 who were enrolled in the ambulatory clinics of Hennepin County Medical Center (HCMC) that have PCMHs that deliver services for adolescents and young adults between 2010 and 2014 (n = 28 649). Patients were excluded if they did not have any face-to-face or telephone encounters with health care providers (n = 3291, 11.5%), were not residents of Hennepin County (n = 5097, 17.8%), and if they did not release their clinical information for research (n = 87, 0.3%). The study's protocol was approved by the Human Subjects Research Office of the Minneapolis Medical Research Foundation.
Setting
HCMC is a safety net hospital and large ambulatory clinic system in Minnesota, providing care for lowincome, uninsured, and vulnerable persons. 20 In 2015, >500 000 patients were served, of whom >70 000 (25%) did not have health insurance. In addition, whereas 86% of the entire state of Minnesota and 76% of Hennepin County residents are white, 21 HCMC patients are 35% white, 32% African American/black, 19% Hispanic/Latino, and 12% other racial/ethnic status.
Exposure
The independent variable was PCMH enrollment. In the HCMC network, there are 14 primary care clinics with certified Health Care Homes (HCHs). 22 In Minnesota, HCHs are PCMHs that are certified by the state based on clinic eligibility and 5 standards: (1) access/ communication, (2) patient tracking and registry functions, (3) care coordination, (4) care plans, and (5) performance reporting and quality improvement. 23 
Statistical Analysis
Proportions and means (±SD) were calculated to describe patients and the clinical services they received. Demographic characteristics of patients enrolled in PCMHs were compared with patients not enrolled in these programs by using χ 2 and t tests for categorical and continuous outcomes, respectively.
The effects of PCMH enrollment status on the receipt of each preventive service were estimated by using mixed-effect logistic regressions. Two levels were considered in all analyses, where times of follow-up (2010-2014) were nested within patients. Unadjusted and adjusted odds ratios and 99% confidence intervals were calculated for each outcome. Unadjusted models did not include covariates, and adjusted models used propensity score matching to adjust for potential selection bias due to different probabilities of enrollment in PCMHs. The propensity score was estimated after regressing PCMH enrollment status on all covariates. 26 Propensity scores ranged between 0.002 and 0.794, and patients enrolled in PCMHs were matched to patients not receiving these services based on the propensity score within a 0.1 caliper. Analyses evaluating contraceptive prescriptions and cervical cancer screening were limited to female patients, with cervical cancer screening analysis further restricted to patients 21 years or older.
To explore whether the effect of PCMHs on preventive services differed by demographic characteristics, we also tested interaction terms between PCMH enrollment status and demographic characteristics 1 at a time, by using propensity score matched mixedeffect logistic regression models. For interactions with P values <.01, we conducted stratified (subgroup) analyses for the different categories of each variable (eg, full models run separately for male and female patients), estimating adjusted odds ratios and 99% confidence intervals for the effect of PCMH in each group.
To determine the robustness of findings, we also conducted 2 sets of sensitivity analyses: first by using regression adjustment and the second by using 1:1 matching on all demographic characteristics. All analyses were conducted using Stata 14 (StataCorp, College Station, TX), and resulting P values <.01 were considered statistically significant.
RESULTS
Patients
A total of 21 704 HCMC patients aged 10 to 24 were included in this study. Of them, 729 were enrolled in the 9 PCMHs serving adolescents and young adults at HCMC network (3.4%). Table 1 Table 4 ).
Effect of PCMH Status on Receipt of Preventive Services
Overall, youth patients enrolled in PCMHs were more likely to receive most preventive services compared with patients not enrolled in these programs (Fig 1) . As we observed heterogeneity in PCMH patient composition, we also noticed variability in the outcomes achieved according to the PCMH in which patients were enrolled. After controlling for demographic differences between groups, the effect of PCMHs on most outcomes remained significant (Fig 2) . Values are n (%), unless otherwise noted.
Results by Patient Demographics
FIGURE 1
Unadjusted rates, odds ratios, and 99% confi dence intervals comparing the receipt of preventive services between 2010 and 2014 among patients enrolled and not enrolled in PCMHs. Analyses evaluating contraceptive prescriptions and cervical cancer screening were conducted only among female patients. The analysis of cervical cancer screening was also restricted to patients 21 years or older.
more likely to receive preventive visits and flu, meningococcal, and HPV vaccinations. Finally, insured patients in PCMHs had higher odds of most preventive services, whereas PCMH benefits for uninsured patients were limited to meningococcal vaccination and contraception and LARC prescriptions. There were no significant interactions between PCMH enrollment and sociodemographics on cervical cancer screening.
Sensitivity Analyses
Results using propensity score matching, regression adjustment, and 1:1 matching were similar (Table 3) . Propensity score matching tended to estimate more conservative effect estimates than the regression adjustment and 1:1 matching.
DISCUSSION
In this study, we identified that patients enrolled in PCMHs had greater overall likelihood of receiving preventive care compared with adolescents and young adults not receiving these services. In addition, we found dissimilar effects according to the patient's sociodemographics.
Our findings support the usefulness of PCMHs as a health care strategy to increase the receipt of multiple preventive services in a health system that provides care to adolescents and young adults at risk for preventive care disparities. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Overall, patients enrolled in PCMHs were more likely to be Hispanic/ Latino and speak a language other than English, compared with patients not receiving these services. This means HCMC is giving access to comprehensive health care management services to patients who have been less likely to enroll in PCMHs. 19 An example of these efforts is the Aqui Para Ti (Here For You) HCH, 24 which is focused on the healthy youth development of Latino patients and contributed a large proportion of PCMH patients to this study. Second, although the rates of preventive services in this population were lower than in previous studies, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] 
FIGURE 2
Adjusted odds ratios and 99% confi dence intervals comparing the receipt of preventive services among patients enrolled and not enrolled in PCMHs. Analyses evaluating contraceptive prescriptions and cervical cancer screening were conducted only among female patients. The analysis of cervical cancer screening was also restricted to patients aged 21 years or older. Mixed effects logistic regression models used propensity score matching.
by guest on October 23, 2017 http://pediatrics.aappublications.org/ Downloaded from across sites, as the level of PCMH implementation has been associated with the receipt of preventive services in nonpediatric patients. 29 Important limitations of the current study include differential levels of exposure, residual confounding, receiving services outside the HCMC network, including multiple comparisons, and not assessing the degree of adolescent-friendliness of HCMC clinics. First, although we identified the PCMH enrollment status of the included participants, we could not measure the length of time patients were exposed to the services of the different programs. These different lengths of exposure might underestimate the magnitude of the identified associations because patients with brief exposures were classified as being fully exposed, which might not have been accurate according to the length of membership in the PCMH. 30 Second, although we estimated average treatment effects by using propensity score matching, which produce valid and more reliable effect estimates than other methods, 26 we were not able to incorporate into the analysis measures of patient complexity, 31, 32 or other confounders such as level of education, income, or having special health care needs (eg, chronic conditions). In addition, during adolescence and young adulthood, marital, employment, and health insurance status change over time, and because we only had access to patients' status on these variables at the time of data extraction, we could not consider them as timevarying covariates. We believe that the residual confounding might have made us overestimate the PCMH effects. Additional overestimation of PCMH effects could arise from differential measurement of the outcomes because patients might have received some of the preventive services outside the HCMC network (eg, influenza vaccinations), especially those patients who did 33 these 3-or 4-level models were not conducted because many of patients did not identify a PCP (n = 8355, 38.4%) or received care at multiple facilities of the HCMC (n = 8480, 39.1%). We think that effect overestimation might be counterbalanced with the potential underestimation of effects due to the lack of consideration of length of exposure and the use of 99% confidence intervals. Fourth, in this study we focused on 8 outcomes and reported ∼20 analyses for each of them (including main effects, interactions, and stratified analyses). This means that by chance, ∼8 of the statistically significant associations could have been wrong with an α of 0.05. 34 To minimize this issue, we decided to use P < .01 as the marginal level for statistical significance and conducted sensitivity analyses that reported a pattern of consistent findings across multiple preventive services. Finally, we did not assess the degree that PCMHs or clinics offered adolescent-friendly care, 35 which could have affected the study's results. Future studies need to confirm our findings, especially the subgroup analyses.
This study presents a comprehensive evaluation of the benefits of PCMHs related to increasing the receipt of preventive services. These findings support the need to expand this model of care to benefit more lowincome adolescents and young adults as a strategy to reduce health inequities. The Affordable Care Act has provided funding to increase access to PCMHs, 36 which has increased receipt of preventive services. 37 Although the $35.7 million investment to support implementation of this model of care is important, these funds will not reach everyone. Local, state, and federal policies need to fund the implementation of coordinated team-based services, especially at locations that serve low-income, minority, and uninsured patients, who are least likely to receive preventive and therapeutic care. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] In addition, these policies need to address the needs of those youth who are not covered by the Affordable Care Act, including undocumented immigrants with no access to care. Shifting part of the Emergency Medical Assistance Program to support preventive care among youth could support this goal. Although cost reductions are possible, they might be limited to more complex patients, 38 and it remains to be seen whether reductions or cost offsets can be attained among adolescents and young adults.
CONCLUSIONS
Overall, youth enrolled in PCMHs had greater likelihood of receiving multiple preventive services compared with adolescents and young adults who were not enrolled in these programs. This finding highlights the value of this model of care at addressing not only the specific needs of patients but also improving their preventive care.
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